The study was initiated to generate genetic information on characters associations for tomato germplasm under open field condition. Nineteen indeterminate tomato germplasm were evaluated to estimate the nature and magnitude of associations of different characters with fruit yield and among themselves at Vegetable Research Farm, Department of Horticulture, SHIATS, Allahabad (India) during 2012-2013. The experiment was conducted using a Randomized Complete Block Design (RCBD) with three replications. Estimates of genetic parameters revealed that fruit yield was significantly and positively correlated with number of flowers per plant (0.2894 and 0.2891) followed by number of fruits per plant (0.4480 and 0.4486) and fruit weight (0.6223 and 0.6230) at genotypic and phenotypic level, respectively, strong association of these traits revealed that the selection based on these traits would ultimately improve the fruit yield and it is also suggested that hybridization of genotypes possessing combination of above characters is most useful for obtaining desirable high yielding segregation. In order to obtain a clear picture of the inter relationship between fruit yield per plant and its components, direct and indirect effects were measured using path coefficient analysis. Fruit weight had a very high positive direct genotypic and phenotypic effect 0.9566 and 0.9442, respectively on fruit yield per plant followed by number of flowers per plant, fruit set per cent, number of fruits per plant, TSS o Brix, plant height, radial diameter of fruit, leaf curl incidence per cent and days to 50% flowering. The characters showed high direct effect on yield per plant indicated that direct selection for these traits might be effective and there is a possibility of improving yield per plant through selection based on these characters. Residual effect was considerably low (0.0611 and 0.0751) which indicated that characters included in this study explained almost all variability towards yield.
Introduction
Tomato (Solanum lycopersicum L. Syn. Lycopersicon esculentum Mill., 2n=2x=24) is one of the most important and popular vegetables in the world because of its wider adaptability, high yielding potential and suitability for variety of uses in fresh as well as processed food industries (He et al., 2003; Nwosu et al., 2014) . It belongs to the family Solanaceae and is native of Peru Equador region (Jenkins, 1948; Rick, 1969) and is normally a self-pollinated crop. In India, tomato occupies an area of 0.87 million hectares with a production of 17.50 million tonnes and productivity of 20.11 tonnes per hectare (FAO, 2012) . As a cash crop, it has great demand in the international market (Hannan et al., 2007a; Solieman et al., 2013) . Tomatoes are an excellent source of minerals and vitamins (Sainju et al., 2003; Naika et al., 2005; Akinfasoy et al., 2011) . Its vitamin C content is particularly high (Kanyomeka & Shivute, 2005 ). Tomato's fruit is consumed in providing salads and cookies. In addition, it is used to can, paste, ketchup, sauce, puree and fruit juice (Maitidevi & Kathmandu, 2008) . Tomato soup is good remedy for patients suffering from constipation and very good appetizer (Kalloo et al., 2001 ). During ripening, there is a 500 fold increase in the level of lycopene in tomato fruit (Bai & Lindhot, 2007) . Increased lycopene has proven nutritional value as an antioxidant that is associated with a low incidence of certain forms of human cancer (Giovannucci et al., 2002; Bai & Lindhot, 2007) . Tomato is grown as an annual or short lived perennial herbaceous plant. It has taproot and growth habit of the plant is determinate, semi-determinate and indeterminate (Reddy et al., 2013) .
The approaches to make significant improvement in tomato production require information regarding nature and magnitude of genetic variation in quantitative traits (Adunga & Labuschangne, 2003; Bello & Olaoye, 2009; Kaushik et al., 2011) and their interrelationships in the available germplasm, which are important pre-requisites for a systematic breeding program (Al-Aysh et al., 2012) . Selection for yield based on multiple traits is always better than selection based on yield alone (Muhammad et al., 2003; Bello et al., 2010) . Yield is a quantitative character controlled by many genes (Lungu, 1978) . Adequate knowledge about the magnitude and degree of association of yield with its attributing characters or components is of great importance to breeders. Using these components, breeders would understand strength of correlated traits that would assists in decision making process to select for simultaneous improvement of more than one character (Sivaprasad, 2008; Monamodi et al., 2013) . Cramer and Wehner (1998) indicated that a way about improving yield indirectly is to select for traits that are highly correlated with yield but possess higher heritability. These traits are often referred to as yield components and may include; the number of harvests per plant, number of branches per plant and marketable yield (Rani et al., 2008) . According to Lungu (1978) the consideration of yield components in selection is based on the assumption that a strong positive correlation exists between yield and yield components and that these component characters have higher heritability than yield. For this assumption to be valid the changes or increase in yield must be accompanied by change in one or more of the yield components (Rani et al., 2008) . However, correlation alone does not provide information on the contribution of related characters, which need the study of cause and effect relationship of different characters among themselves (McGiffen et al., 1994) . It has been observed that path coefficient analysis reveals the exact relationship of characters thereby providing more information than simple correlation analysis, suggesting that correlation analysis is a weaker tool compared to path coefficient analysis (Dewey & Lu, 1959; McGiffen et al., 1994) . The technique of path coefficient analysis was developed by Wright (1921) and demonstrated by Dewey and Lu (1959) as a means of separating direct and indirect contribution of various traits. It is a standardized partial regression coefficient analysis. It measures the direct influence of one variable upon another and permits the separation of correlation coefficient into components of direct and indirect effects. The use of this technique has been reported to require cause and effect situation among the variables according to Singh and Chaudhary (1977) . Yield components have also been used to improve yield in crops such as wheat (Dewey & Lu, 1959; Zecevic et al., 2004; Khan & Dar, 2010) , potato (Bhagowati & Saikia, 2003; Tuncturk & Çiftci, 2005) , brinjal (Thangamani & Jansirani, 2012; Ahmed et al., 2013) , chilli (Ajjapplavara et al., 2005; Ukkund et al., 2007; Jabeen et al., 2009; Sood et al., 2009 ) and cucumber (AbuSalena & Dutta, 1988; Yin & Cui, 1994; Zhang & Cui, 1994; Cramer & Wehner, 1998 , 2000 Chandra et al., 2010; Arunkumar et al., 2011; Golabadi et al., 2013) . According to Singh (2013) , understanding the relative contribution of the various component traits to yield could play a significant role in identifying high yielding genotypes from genetically variable populations by providing information on indirect selection for yield. Thus the present investigation was initiated to study both correlation and path coefficient analysis in different indeterminate tomato germplasm, thereby; it is possible to recognize the relationship among various characters of tomato.
Materials and Methods

Experimental Site and Environment
This study was carried out during the season 2012-13 at Vegetable Research Farm, Department of Horticulture, SHIATS, Allahabad (India). The city is situated at 25°28′N latitude and 81°54′E longitude and at a mean altitude of 98 m above sea level. The climate of Allahabad is characterized as humid sub-tropical with an average annual rainfall of 1027 mm (40.4 inches). The rainfall is monsoonal in nature with around 75% received during July-September. The mean weekly agro-meteorological observations were recorded during the crop season (Figure 1 ). 
Experimental Material
The experimental materials comprised of nineteen indigenous germplasm of indeterminate tomato collected from Indian Institute of Vegetable Research (IIVR), Varanasi and Vegetable Research Station (VRS), JAU, Junagadh, India (Table 1) . For raising good and healthy seedlings, the seeds were treated with carbendazim @ 2.0 g/kg seed. After that the seeds of nineteen germplasm of tomato were sown in the nursery and their seedlings were transplanted in small plots (2.0 m × 2.0 m) in open-field where row-to-row and plant-to-plant spacing was 60 cm × 60 cm that contained 16 plants. The experiment was laid out in a randomized complete block design (RCBD) with three replications. All the recommended agronomic package of practices was followed (like staking, earthing up, irrigation, weeding etc.), as recommended for commercial tomato production.
Experimental Data
The observation were recorded on five randomly selected plants per replication for each germplasm on fifteen quantitative characters viz., plant height (cm), number of branches per plant, number of leaves per plant, days to 50% flowering, number of flower clusters per plant, number of flowers per plant, number of fruits per plant, fruit set per cent, fruit weight (g), radial diameter of fruit (mm), polar diameter of fruit (mm), fruit yield per plant (g), leaf curl incidence per cent (based on the scale given by Joshi & Choudhary, 1981) , TSS Brix (by using a hand refractometer, Model: ATAGO, Tokyo, Japan) and ascorbic acid (mg/100 g) was estimated using 2,6-dichlorophenol indophenol method as illustrated by AOAC (1975) .
Stastical Analysis and Estimation of Genetic Parameters
Data of all the previously mentioned characters were arranged and statistically analyzed, using the standard methods of the randomized complete blocks design as illustrated by Clewer and Scarisbrick (2001) , using Co-State Software (2004) computer program for statistics.
Analysis of variance:
Analysis of variance was done by the method suggested by Panse and Sukhatme (1985) .
Estimation of Correlations:
The correlation coefficient analysis among all possible characters combination at phenotypic (rp) and genotypic (rp) level were estimated employing the formulae (Al-Jibourie et al., 1958) . Significance of correlation coefficient at both phenotypic and genotypic levels was tested by comparing 
Path Coefficient Analysis: Path coefficient is a standardized partial regression coefficient and as such it is a measure of direct and indirect effect of a set variable (component characters) as a dependent variable such as fruit yield. The estimates of direct and indirect effect of component characters on fruit yield were computed using appropriate correlation coefficient of different component characters as suggested by Wright (1921) and elaborated by Dewey and Lu (1959) . Thus, the correlation coefficient of any character with fruit yield was split into direct and indirect effects adopting the standard formula.
r iy = r 1i P 1 + r 2i P 2 + r 3i P 3 + … + r ni P n + … r ii P 1
Where:
r iy = Correlation of the ith character with fruit yield; r ni = Correlation between nth character with ith character; n = Number of independent variables (component characters); P i = Direct effect of ith character on fruit yield.
Direct effects of different component character on fruit yield were obtained by solving the following equations.
, which can also be rearranged as
[r ij ] = Matrix of correlation coefficients among all the n components characters; [r iy ] = Matrix of correlation of all component characters with fruit yield; r il = Indirect effect of ith character on fruit yield through first characters.
The residual effect was obtained by the following formula.
( 5) Where: P i and r iy are as given above.
Results and Discussion
Mean square values of Analysis of Variance (ANOVA) showed highly significant difference among the tested germplams for all the characters studied. The significant variation among the germplasm revealed that presence of adequate variability which can be exploited through selection (Table 2) . Similar results were noticed by Barman et al. (1995) The yield is a complex character that is controlled by quite a number of factors. Hence, the degree of association of these complex characters formed the basis for yield evaluations and correlation coefficient analysis measures the extent of closeness of the component traits. The phenotypic and genotypic correlation among the yield and yield components in tomato are presented in Table 3 . Significant correlation of characters suggested that there is much scope for direct and indirect selection for further improvement. Genotypic correlation coefficient provides measures of genetic association between traits and thus helps to identify the more important as well as less important traits to be considered in breeding programs. Similar types of findings were also reported by Tiwari and Upadhyay (2011) . In general, the estimate of genotypic correlation coefficient was higher than their corresponding phenotypic correlation coefficients. This can be interpreted as a strong inherent genotypic relationship between characters studied, through their phenotypic expression was impeded by environmental influence. The present findings are in conformity with Harer et al. (2003) Tasisa et al. (2012) . The nature of genotypic correlation was similar to phenotypic correlation. However, in some cases correlation coefficients at genotypic level were significant, while at phenotypic level same were found to be non-significant (Kumari & Sharma, 2013) . Note. * & ** significant at 5% and 1% level of significance, respectively. G = genotypic correlation; P = phenotypic correlation. The negative correlation of fruit number with fruit weight means that if there are more fruits in a truss, the tomato fruit weight will tend to be smaller as fruits will compete for space for attachment in a truss as well as for the nutrients. This association was expected since it appears reasonable that as more fruits are produced per truss, the plant will have more fruits and the total weight of fruits per plant will increase as well (Hidayatullah et al., 2008; Monamodi et al., 2013; Buckseth et al., 2012; Kumari & Sharma, 2013) .
Fruit weight showed significant and positive association both at genotypic and phenotypic level with fruit yield per plant (0.6223 and 0.6220) which indicated that as the fruit weight increases the fruit yield per plant would increase. The result was in line with findings of various investigators (Prasad & Rai, 1999; Mohanthy, 2002a Mohanthy, , 2002b Harer et al., 2003) . The interesting relationship to note was that of total soluble solids (TSS) which had a negative relationship with most components except with number of leaves per plant, fruit weight and ascorbic acid. This negative relationship with total soluble solids suggests that there may be competition for resources between total soluble solids and other components (Monamodi et al., 2013) . Ascorbic acid (mg/100 g.) showed significant and positive association with TSS (0.8995 and 0.8831) at genotypic and phenotypic level.
Path coefficient analysis provides an effective means of partitioning direct or indirect causes of association. As yield is influenced by many factors, selection based on correlation may be misleading because it measures only the mutual association between two variables, whereas path coefficient analysis specifically measures the relative importance of different yield components. To find out the direct and indirect effects and to measure the relative importance of causal factors, path coefficient analysis is useful, which permits critical examination of the specific forces acting to produce a given correlation (Bhatt, 1973; Izge et al., 2012) .
The results of the present investigation on path coefficient analysis as presented in Table 4 and Figure Yadav and Singh (1998) for number of fruits per plant; Islam et al. (2010) for plant height, flowers per plant, fruits per plant, fruit weight. On the other hand the traits, viz., number of branches per plant, number of leaves per plant, number of flower clusters per plant, polar diameter of fruit, ascorbic acid had negative direct effect toward yield at the genotypic as well as phenotypic level. Anikumar et al. (2003) reported that based on the path coefficient analysis, selection should be based on more number of fruits with higher average fruit weight. Joshi et al. (2004) found that the number of fruits per plant is the most important yield contributing trait. Islam et al. (2010) for plant height, branches per plant and flowers per plant; Mahapatra et al. (2013) for plant height, number of primary branches per plant, number of flower clusters per plant. Emphasis should therefore, be given on this trait as one of the most vital yield components for contribution to the final yield. At both genotypic and phenotypic level fruit weight recorded positive indirect effect on yield via days to 50% flowering, radial diameter of fruit, polar diameter of fruit, TSS and ascorbic acid. Similar results were obtained by Kumar and Dudi (2011) for total soluble solids; Islam et al. (2010) for fruit diameter. From the path analysis it may be pointed out that individual fruit weight might be the most potential yield contributing trait for higher yield of tomato. Vol. 7, No. 3; Note. Residual effect: Genotypic (G) = 0.0611and Phenotypic (P) = 0.0751 (Bold diagonal values are direct effects). 
Conclusion
In present study, it could be concluded that the traits like; fruit weight, number of flowers per plant and number of fruits per plant showed positive correlation with yield as well as they have direct effect on yield. Hence these traits can be used as selection indices in tomato to bring about the improvement in fruit yield. The residual effect www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 3; of the genotypic and phenotypic path analysis was very less i.e. 0.0611 and 0.0751, respectively. This indicates that the characters chosen for the present study is the main components of yield and that the variability in yield is accounted by the characters chosen for this investigation to a considerable extent. Correlation and path coefficient studies suggested that the selection should be primarily based on the component characters which exhibited significant positive correlation with yield and also had either direct or indirect effect on yield. This may lead to development of high yielding germplasm in tomato.
